INTRODUCTION
It is well established that the one way shape memory effect in Fe-Mn-Si alloys results from the reverse motion of the a/6[112] Shockley partial dislocations generated during stress-induced martensitic transformation 11-31. Many parameters can influence the martensitic transformation. Among them, the amount of deformation shows a strong influence on the shape memory effect of the alloy.
When the amount of deformation is small, only primary E variants are induced, the shape recovery is usually complete since the reverse motion of Shockley partial dislocations are not hindered. By applying a large amount of deformation, the different orientations of E variants operate in the structure. The intersection of these smartensite plates will hinder the reverse motion of partials. Meanwhile, the deformation may promote a'-martensite transformation. The a'-martensite transformation is believed to impede the shape memory effect [4] . The permanent strain also increases with the application of stress due to the work hardening in the structure, which is also unrecoverable by heating. Thus, an optimum amount of deformation must exist for reaching higher shape memory strains.
Robinson et al. [5] found that maximum shape memory strain in a polycrystalline Fe-30%Mn-6.5%Si (wt%) alloy is obtained when the pre-strain is 4%. The increase of pre-strain increases both the stress required for slip and the stress required for the movement of partial dislocations associated with the transformation.
This study reveals that in the investigated alloys, y -x and y--+~+' transformation are both induced by deformation. With increasing amount of deformation, a'-martensite transformation is greatly enhanced. It is found that in this study, the highest shape memory strain is reached by applying about 5% deformation.
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EXPERIMENTAL
The investigated alloy is received in the shape of hot rolled plate with a thickness of 8 mm. The chemical composition of the alloy is Fe-16Mn-SSi-9Cr-4Ni-0.006C (wt%). A color etching method is developed to distinguish different martensitic phases and austenitic matrix. The specimens are polished mechanically followed by an electrolytic polishing with a solution of 20% perchloric acid and 80% butylcellosolve. Then the specimens are immersed in a solution of 1.2% K2S205 and 0.5% NH4HF in distilled water for a few seconds. The percentage of martensitic phases is determined by X-ray diffraction measurements using a D500 Siemens Goniometer. The shape memory effect is measured through the length change before and after compression deformation and thermal mechanical analysis.
RESULTS AND DISCUSSIONS
Microstructural development after deformation
The specimens after annealing at 1100°C for 30 minutes followed by air cooling are deformed by 0.5%, 2%, 5%, 10% and 25%. The microstructural observation reveals that a'-martensite appears after certain amount of deformation together with the stress-induced emartensite. As shown by Fig. I , after 0.5%, small nuclei of a'-martensite are observed inside smartensite plates. The increasing amount of deformation obviously induces largely the a'-martensite transformation. Fig.2 shows the microstructure of a specimen after 25% deformation. Large amount of a'-martensite is not only observed inside the Emartensite plates but also at the intersections of thin &-martensite plates. The growth and intersection of a'-martensite is greatly enhanced, The coalescence of these a'-martensite can be easily found inside one plates or among several plates, indicating that the y +~+ a ' transformation is strongly induced by deformation. Fig.3 shows the relation of the amount of deformation with the percentage of stress-induced Emartensite. The specimen is pre-annealed at 600°C for 15 min. followed by air cooling. The MS is below O°C, no thermal smartensite plates exists at room temperature before the deformation. This figure clearly shows that with increasing amount of deformation, the amount of stress-induced &-martensite increases remarkably. Below 5% deformation, the amount of stress-induced smartensite is lower than 10% and increases slowly with increasing amount of deformation. However, when the amount of deformation reaches 15%, the percentage of stress-induced &-martensite is around 70%.
Relation of amount of deformation and amount of stress-induced E-and a'-martensite
The relation of the amount of deformation with the amount of stress-induced a'-martensite is shown in Fig.4 . It can be seen that below 10% deformation, the amount of a'-martensite that is stress-induced is around 1%. Above 10% deformation, the amount of a'-martensite that can be stress-induced is increased to 4.5%. With increasing amount of deformation, both the amount of stress-induced E-and a'-martensite are increased. The amount of E-martensite that can be induced is much larger than that of a'-martensite. Above 10% deformation, the amount of stress-induced E-and a-martensite are comparatively larger than that of below 10% deformation. Since the a'-martensite is reported to impede the reverse transformation of emartensite, the amount of deformation should be limited to around 5% in order to avoid larger amounts of a'-martensite forming in the structure.
Relation of amount of deformation and shape memory strain
The above results indicated that there exists an optimum deformation degree for reaching a higher shape memory strain. Fig.5 shows the relation of the amount of deformation with shape memory strains of specimens annealed at 500°C to 1 100°C. It can be seen that the highest shape memory strains are all obtained when the amount of deformation is around 5%. Below 5% deformation, the shape memory strain is increased from around 0.3% to 1.5% with increasing amount of deformation. Above 5% deformation, the recovery strain is decreased greatly with increasing amount of deformation. It is obvious that above 5% deformation, the slip deformation instead of stress-induced emartensite transformation dominates the deformation mechanism and also the intersections among different variants of z-martensite plates are increased. All these lead to the drop of the shape memory strain.
CONCLUSIONS
1) Deformation induces both y +~ and y+~+a' transformation in a Fe-16Mn-5Si-9Cr-4Ni (wt%) alloy. With increasing amount of deformation, the amount of stress-induced E-and a'-martensite is greatly enhanced. a'-martensite forms only inside and at the intersections of &-martensite plates, indicating its transformation occurs through the intermediate phase emartensite. At sufficiently large strains, a'-martensite appears to grow, intersect and coalescense.
2) There exists an optimum amount of deformation of 5% to reach the highest shape memory strain of 1.5% before any training treatment for the investigated alloys. after several training cycles, a maximum one way shape memory strain of 3.8% could be reached [6] . a'-martensite is found to be a limiting factor for improving the shape memory effect. 
